Maintaining and improving mental health is a public health priority. It is estimated that neuropsychiatric disorders, mostly due to mental health problems, account for approximately 14% of the global burden of disease and that mental health problems are an important risk factor for suicide. 1 The Japanese Ministry of Health, Labour and Welfare 2 estimated that in 2014 there were approximately 5.2 million patients with mental and behavioral disorders in Japan and that the total numbers of patients with such disorders was highest among middle-aged to older adults aged 60-69 years (approximately 1.1 million patients). Thus, mental health problem among middle-aged to older adults is a substantive issue in Japan. Previous studies have proposed that engaging in physical activity is an effective strategy to maintain and improve mental health. Systematic reviews and meta-analyses have concluded that physical activity has desirable effects on mental health variables such as depression, 3, 4 anxiety, 5 and mental well-being. 6 However, despite these previous investigations of the relationships between physical activity and mental health, it remains unclear what specific conditions of physical activity are optimal for benefitting mental health. The identification of such optimal conditions is essential for establishing more effective strategies to promote mental health through engagement in physical activity. Domains of physical activity could be a key factor for identifying the optimal conditions for physical activity. The 4 common domains of physical activity are occupation, transportation, household, and leisure time. 7 A recent meta-analysis 8 showed that physical activity performed in leisure time has more desirable effects on mental health than physical activities performed in other domains. The major component of leisure-time physical activity is exercise. 7, 9 Exercise is conceptualized as physical activity that is planned, structured, repetitive, and designed to promote physical fitness and health. 7, 9 Desirable effects of exercise on mental health status, such as depression, 10 anxiety, 11, 12 and mental well-being, 13 have been confirmed by systematic reviews and meta-analyses.
The effects of exercise on mental health might be modulated by social context. In particular, according to the social interaction hypothesis, engaging in exercise with others might have more desirable effects on mental health than engaging in exercise alone. The social interaction hypothesis has been proposed as one potential mechanism to explain exercise and mental health relationships. 14 This hypothesis suggests that exercise can provide more opportunities to interact with others and that increases in such opportunities cause desirable changes in mental health. 14, 15 Several populationbased studies have revealed that engaging in exercise with others is associated with better self-rated health 16 and mental health status 17 but that engaging in exercise alone is not significantly associated with them. However, one of these studies was cross-sectional 16 and neither 16, 17 considered bidirectional associations of exercise and mental health, something that previous studies 18, 19 suggest may exist. To establish additional effects of exercise with others, further longitudinal investigations are necessary.
The purpose of the present study was to examine the longitudinal associations between exercising alone, exercising with others, and mental health among middle-aged and older adults. It was hypothesized that exercising with others would be more closely associated with mental health than would exercising alone.
Methods

Participants and Procedures
The present study targeted middle-aged and older populations living in 4 areas located in Hyogo Prefecture, Japan: Chuo Ward of Kobe City; Takasago City, Miki City, and Shiso City. Harada ). From the official basic resident register of the 4 areas, 540 men aged 59, 64, or 69 years in April 2016 (135 men per area) and their 540 wives were randomly selected. The recruitment document was sent to 540 couples to invite them to participate in our accelerometer and diary survey for 7 consecutive days, along with our questionnaire survey. One hundred and fiftyeight people (79 couples) agreed to participate in the survey (wave 1). Book coupons worth 5000 Japanese yen were provided as incentives for each couple. The reason for recruiting couples was that the survey was part of a larger study with additional objectives; we examined spousal concordance of total physical activity among couples. Our previous work 20 reported that spousal concordance for objectively measured total physical activity was unclear.
After 1 year, we asked the 158 original participants (79 couples) to participate in a follow-up survey. Among them, 138 individuals (69 couples) agreed to participate (wave 2). The content of the 1-year follow-up survey was the same as the baseline survey.
Among the 138 participants of the follow-up, 130 individuals met the inclusion criteria for the physical activity data (detailed below). Among them, 1 individual who had been diagnosed with clinical depression was excluded. Thus, the present study analyzed the data of 129 individuals.
Informed consent was obtained from all individual participants included in the study. The present study received prior approvals (baseline survey, No. 209; 1-year follow-up survey, No. 286) from the ethical committee in the Graduate School of Human Development and Environment, Kobe University.
Measures
Total Physical Activity. The present study examined total physical activity as an important potential confounder in the relationships between exercise alone, exercise with others, and variables relating to mental health. A triaxial accelerometer (HJA-750C; Active Style Pro, Omron Healthcare Co, Ltd, Kyoto, Japan) was used to measure the amount of time participants engaged in locomotive light physical activity, household light physical activity, locomotive moderate to vigorous physical activity, and household moderate to vigorous physical activity. Following Pate et al, 21 the present study defined moderate to vigorous physical activity as activities involving ≥3 metabolic equivalents, and light physical activity as activities involving 1.6 to 2.9 metabolic equivalents. The accelerometer can classify physical activity into locomotive and household activities through a validated algorithm. 22 Examples of locomotive activities are walking, jogging, and climbing stairs, while examples of household activities are laundry, moving a small load, and vacuuming. 22 The period of the accelerometer survey was 7 consecutive days. The participants were asked to wear the accelerometer on their waists all day, except when bathing and sleeping, and to go about their normal routines. The monitored results were blinded, so that the individual participants could not check their recorded data themselves. The algorithm of the accelerometer used in this study (HJA-750C) is identical to that of the older model (HJA-350IT) used in previous studies, although the body size and data download system differ between the newest and older models. The validity of the measurements provided by the HJA-350IT has been confirmed 23 and compared with other types of accelerometers available in Japan. The HJA-350IT provides the most accurate estimate of total energy expenditure in free-living conditions compared with the doubly labeled water method. 24 Wearing time was calculated by subtracting the nonwearing time from 24 hours. A period of at least 60 minutes in which accelerometer data were not recorded was defined as nonwearing time. The epoch length of the accelerometer was set at 10 seconds. An eligible day was defined as wearing the accelerometer for between 10 and 20 hours over a 1-day period. Previous studies 25 have typically used wearing time ≥10 hours per day as an inclusion criterion. Although we asked individuals to take off the accelerometer when sleeping, the data indicated that a few individuals wore it when sleeping. Thus, we excluded data that were collected on days when the wearing time was ≥20 hours. Following the criteria used in other studies, 25 participants needed to have at least 4 eligible days for their data to be included in the study for further analysis.
Similar to previous studies, [26] [27] [28] the daily data on physical activity were divided by total accelerometer wearing time to eliminate the effects of wearing time itself. Thus, the average time engaged in each behavior per hour of wearing time was analyzed in the present study.
Exercise Alone or With Others. Exercise behavior was measured by the diary survey. The period of the diary survey was 7 consecutive days, which were same days as the accelerometer survey. Because the term exercise is common in Japan, the present study did not provide a specific definition of exercise. Instead, we listed walking, calisthenics, and sports as examples of exercise. Participants were asked to record the time spent on exercise and whether they exercised with others or alone before going to bed each day. From the records of the dairy survey, the average time spent exercising alone each day and the average time spent engaging in exercise with others each day were calculated and analyzed in the present study.
Mental Health. Mental well-being and mental distress were measured by questionnaire survey as indices of mental health. Mental well-being and mental distress represent positive and negative aspects of mental health, respectively. To measure mental well-being, the simplified Japanese version of the World Health Organization Five Well-Being Index 29 was utilized. This index consists of 5 items, with participants responding to each item on a 4-point Likert scale (scored 0-3). Scores were summed across the 4 items, giving a range of values of 0 to 15, with higher scores indicating greater mental well-being.
Mental distress was measured by the Japanese version of the Kessler Distress Scale (K6). 30 This scale consisted of 6 items, with participants responding to each item on a 5-point Likert scale (scored 0-4). Scores were summed across the 6 items, giving a range of values of 0 to 24, with higher scores indicating greater mental distress.
Basic Demographic Factors. Gender, age, and educational background (junior high/high school and beyond high school) were measured by the questionnaire survey as basic demographic factors.
Analyses
Among the 129 individuals who met the inclusion criteria of wearing status for the accelerometer, 1 individual had missing data for mental well-being at wave 2, and another individual had missing data for mental distress at wave 2. The missing data of these 2 individuals were treated by pairwise deletion.
The Pearson correlations of basic demographic factors with total physical activity, exercise, and mental health variables at wave 1 were calculated. Gender (men = 0, women = 1) and educational background (junior high/high school = 0, beyond high school = 1) were treated as dummy variables. Paired t tests were conducted to examine longitudinal changes in total physical activity, exercise, and mental health variables from wave 1 to wave 2.
Path analyses were then conducted to examine bidirectional longitudinal associations of total physical activity and exercise variables with mental health. Similar to previous studies for bidirectional longitudinal associations, [31] [32] [33] both cross-lagged and simultaneous effects models were examined to confirm robustness of the associations. The dependent variables were mental well-being and distress. Thus, the present study examined 4 models in total: (1) a cross-lagged effects model for mental well-being, (2) a simultaneous effects model for mental well-being, (3) a cross-lagged effects model for mental distress, and (4) a simultaneous effects model for mental distress. The absolute values of the Pearson correlation coefficients between basic demographic factors, total physical activity, and exercise variables, ranged from .03 to .61, which is lower than the benchmarks for considering multicollinearity: .70 34 and .85. 35 Thus, multicollinearity was not considered a serious issue when examining these models.
In the cross-lagged effects model, there are mainly 3 types of paths. The first type is the autoregressive paths from wave 1 to wave 2 for total physical activity, exercise alone or with others, and the mental health variables. The autoregressive paths represent the longitudinal stability of each variable. The second type is the cross-lagged paths from total physical activity and exercise variables at wave 1 to mental health variables at wave 2. The third type of path is cross-lagged paths from mental health variables at wave 1 to total physical activity and exercise variables at wave 2. By including both types of cross-lagged paths, the bidirectional relationships of mental health with total physical activity, exercise alone, and exercise with others can be estimated. In the cross-lagged effects model, the cross-sectional correlations among each physical activity and exercise variables at both wave 1 and wave 2, and the crosssectional correlations of total physical activity and exercise variables with mental health variables at wave 1, were included. Furthermore, to adjust for potential confounding effects of the basic demographic factors, the paths from the basic demographic factors to total physical activity, exercise alone or with others, and mental health variables at wave 1 were added to the model if significant Pearson correlations were observed for these demographic variables.
Similar to the cross-lagged effects model, the simultaneous effects model has 3 main types of paths. The first type is autoregressive paths from wave 1 to wave 2 for each variable. The second type is cross-sectional paths from total physical activity and exercise variables at wave 2 to mental health variables at wave 2. The third type is cross-sectional paths from mental health variables at wave 2 to total physical activity and exercise variables at wave 2. In the simultaneous effects model, the cross-sectional correlations among each physical activity and exercise variable at both wave 1 and wave 2, and the cross-sectional correlations of total physical activity and exercise variables with mental health variables at wave 1, were included. As described for the cross-lagged effects model, potentially confounding paths from the basic demographic factors were also added, as indicated by Pearson correlations. Thus, in summary, while the cross-lagged effects model examines bidirectional relationships among the variables over time, the simultaneous effects model examines the synchronous relationships among them.
The goodness-of-fit index, comparative fit index, and root mean square error of approximation were used as indices of model fit. Statistical significance was set at P < .05. All statistical analyses were carried out using SPSS (version 21.0; IBM Japan, Ltd, Tokyo, Japan) and AMOS (version 21.0; IBM Japan, Ltd) software packages.
Results
Characteristics of Participants
Among the 129 participants of the present study, 66 of them (51.2%) were men, and 63 of them (48.8%) were women. At wave 1, their mean age was 63.1 years old (SD, 4.7). Sixty-eight individuals (52.7%) graduated from junior high or high school, and 61 individuals (47.3%) were educated beyond high school.
Pearson correlations showed that being a woman was significantly correlated with younger age (r = -.30, P = .001), higher levels of household light physical activity (r = .48, P < .001), lower levels of locomotive moderate to vigorous physical activity (r = -.29, P = .001), higher levels of household moderate to vigorous physical activity (r = .32, P < .001), and lower levels of exercising alone (r = -.27, P = .002). Age was significantly correlated with exercise alone (r = .27, P = .002). These significant correlations led to the inclusion of these factors in the path analyses. Gender and age were not significantly correlated with mental health variables. There were no significant correlations of educational background with gender, age, total physical activity, exercise alone or with others, or mental health variables.
Associations Between Total Physical Activity Levels, Exercising Alone or With Others, and Mental Health
The means and SDs of total physical activity, exercise alone and with others, and mental health variables at wave 1 and wave 2 are shown in Table 1 . Paired t tests indicated that none of these variables were significantly changed from wave 1 to wave 2.
The results of the cross-lagged and simultaneous effects models for mental well-being are presented in Figures 1 and 2 , respectively. In both models, more time spent exercising with others positively influenced mental well-being, and better mental well-being positively influenced time spent exercising alone. The converse relationships among these variables were nonsignificant in both models. None of the physical activity variables were significantly associated with mental well-being. Figures 3 and 4 represent the results of the cross-lagged and simultaneous effects models for mental distress, respectively. None of the paths from total physical activity and exercise variables to mental distress or their converse paths were significant.
Discussion
The present study found that more self-reported exercise time with others reflected better mental well-being among middle-aged and older adults. However, self-reported levels of exercising alone were not significantly associated with better mental well-being. These results indicate that engaging in exercise with others would be more effective for improving mental well-being than engaging in exercise alone. As far as we know, this is the first study to show the effects of exercise with others on mental health after adjustments for objectively measured total physical activity and after the examination of the bidirectional relationships between these variables. Takeda et al 17 revealed that while exercise with others at baseline was a predictor of mental health status at 5-year followup after adjustment for mental health status at baseline and other potential confounders, exercise alone at baseline was not a significant predictor of mental health status. However, Takeda et al 17 did not consider longitudinal changes in exercise behavior and bidirectional relationships to mental health. Thus, after addressing this methodological weakness of the previous study, 17 the present findings suggest that the influence of exercise on mental health is different for exercising with others or alone. Although it has been reported that engaging in social activity has beneficial effects on mental health, 36, 37 no previous studies have compared the relative impacts of exercise with others (ie, physically active social activity), exercise alone, and sedentary social activities on mental health. Further well-designed experiments are necessary to determine the relative impacts of these behaviors. Figure 1 -Cross-lagged effects model for the associations of total physical activity and exercise with mental well-being. Bold lines represent significant paths. All path coefficients were standardized. For clarity, cross-sectional correlations among physical activity and exercise variables at wave 1 and wave 2 are not depicted. Paths from gender and age to physical activity and exercise variables were included because of significant Pearson correlation coefficients for these variables. Gender was treated as a dummy variable (men = 0 and women = 1). Educational background was excluded because it was not significantly correlated with physical activity, exercise, and mental well-being. CFI indicates comparative fit index; GFI, goodness-of-fit index; LPA, light physical activity; MVPA, moderate to vigorous physical activity; RMSEA, root mean square error of approximation. *P < .05. **P < .01. ***P < .001. GFI = .939, CFI = .980, RMSEA = .054. While several mechanisms have been proposed to explain the influences of physical activity and exercise on mental health, according to the findings of the present study, the social interaction hypothesis could play a dominant role. The underlying mechanisms for this are not fully understood. Potential mechanisms include physiological, psychological, and social factors. Examples of physiological factors are those relating to neuroendocrine, neurotrophic, inflammatory, and oxidative stress effects. 38 As for psychological factors, distraction, self-efficacy, and mastery are described as important contributors. 15 However, our data do not support hypotheses based on physiological and psychological factors because total physical activity and exercise alone were not significantly associated with mental well-being. A metaanalysis 8 proposed that psychological or social pathways, rather than physiological pathways, would offer an effective explanatory framework to link physical activity to mental health. Moreover, for physiological pathways, previous reviews 3, 6 have not supported the dose-response relationships between quantitative amounts of physical activity and mental health variables. Instead, the social interaction hypothesis, which proposes that social relationships and support during exercise lead to better mental health, 14, 15 is sufficient to understand the results of the present study. Supporting the social interaction hypothesis, previous studies 39, 40 examining acute effects of exercise have shown that engaging in exercise with others can induce better affective responses than exercising alone.
However, contrary to the findings for mental well-being, a significant relationship between time spent exercising with others and mental distress was not observed in either the cross-lagged or simultaneous effects models. These results indicate that exercise with others might have greater influence on positive than on negative aspects of mental health status. A positive state of mental health and mental illness is not necessarily on the same dimension, 41 and it would be reasonable to consider that the effects of exercise are different for positive and negative aspects of mental health status. For the results of the present study, it could be speculated that social interactions during exercise might increase positive feelings rather than reduce negative feelings. However, further research is necessary to confirm this and to determine whether exercise with others has differential influences upon positive and negative states of mental health.
For the bidirectional relationships between exercise and mental health, both cross-lagged and simultaneous effects models revealed that exercising alone was not a significant predictor of mental well-being but that mental well-being was a significant predictor of exercising alone. These results should be interpreted carefully because there is a possibility that their association was spuriously caused by confounding factors that the present study did not examine. Nonetheless, a systematic review 18 has previously suggested that depression is a risk factor for further decline in physical activity and exercise. Similar to the present study, Teychenne et al 42 found that stronger depressive symptoms at Figure 2 -Simultaneous effects model for the associations of total physical activity and exercise with mental well-being. Bold lines represent significant paths. All path coefficients were standardized. For clarity, cross-sectional correlations among physical activity and exercise variables at wave 1 and wave 2 are not depicted.. Paths from gender and age to physical activity and exercise variables were included because of significant Pearson correlation coefficients for these variables. Gender was treated as a dummy variable (men = 0 and women = 1). Educational background was excluded because it was not significantly correlated with physical activity, exercise, and mental well-being. CFI indicates comparative fit index; GFI, goodness-offit index; LPA, light physical activity; MVPA, moderate to vigorous physical activity; RMSEA, root mean square error of approximation. *P < .05. **P < .01. ***P < .001. GFI = .939, CFI = .981, RMSEA = .054.
baseline predict decline in leisure-time physical activity over time but that leisure-time physical activity did not predict longitudinal changes in depressive symptoms. The present and previous studies 18, 42 together emphasize the importance of considering the bidirectional associations of physical activity and exercise with mental health.
After adjusting for exercise variables, the present study did not find significant relationships between objectively measured total physical activity and mental health. Similarly, a previous study 43 conducted in Singapore reported that objectively measured moderate to vigorous physical activity is not associated with mental health variables. Alternatively, this previous study 43 showed that more time spent engaging in leisure-time physical activity was associated with better mental health status. A meta-analysis 10 indicated that physical activity performed in leisure time had more desirable effects on mental health than physical activity performed in nonleisure time. As the concept of exercise substantially overlaps with leisure-time physical activity, 7,9 both the present study and previous findings 10, 43 indicate that increasing the total volume of physical activity might have less impact on mental health than engaging in leisure-time activities such as exercise.
The examinations of both cross-lagged and simultaneous effects models are the strengths of the present study. Concordance of both models emphasizes the robustness of the findings. The use of the accelerometer and the diary method are other strengths. Their use can provide more accurate data than that obtained through traditional questionnaire surveys. However, the present study had several limitations. First, the sample size was small. Second, the diary survey did not give the participants a specific definition of the term exercise. Although this term is commonly and frequently used in Japan, it is unclear whether interpretations of this term were equivalent across the participants. Third, a sampling bias may exist: Those participating in mail-based accelerometer surveys are likely to have walking habits during their leisure time, 44 and so the participants in the present study might be more physically active than typical nonparticipants. Moreover, the present study targeted only married couples. It is unclear whether the findings from our sample could generalize to people who are not married. Thus, further longitudinal investigation using larger and more representative samples would be necessary to provide more definitive findings. Nonetheless, the present study contributes to a better understanding of the influences of physical activity and exercise on mental health.
Conclusion
From both cross-lagged and simultaneous effects analyses, the present study found that exercising with others, but not exercising alone, was associated with better mental well-being among middleaged and older adults. A practical implication of these findings is Figure 3 -Cross-lagged effects model for the associations of total physical activity and exercise with mental distress. Bold lines represent significant paths. All path coefficients were standardized. For clarity, cross-sectional correlations among physical activity and exercise variables at wave 1 and wave 2 are not depicted. Paths from gender and age to physical activity and exercise variables were included because of significant Pearson correlation coefficients for these variables. Gender was treated as a dummy variable (men = 0 and women = 1). Educational background was excluded because it was not significantly correlated with physical activity, exercise, and mental distress. CFI indicates comparative fit index; GFI, goodness-of-fit index; LPA, light physical activity; MVPA, moderate to vigorous physical activity; RMSEA, root mean square error of approximation. *P < .05. **P < .01. ***P < .001. GFI = .941, CFI = .984, RMSEA = .050. that promoting exercise with others might be more successful for improving mental well-being than promoting exercising alone. Current physical activity guidelines 7 recommend both exercise and physical activity equally and do not stress the social contexts of them. When improving physical health, the difference between exercise and physical activity and their social contexts might not be what matters. However, according to the findings of the present study, such differences and the social context might be essential considerations when improving mental health: Exercising with others may result in better mental health. Based on our findings, further interventional research examining the optimal types of physical activity to improve mental health is recommended. Figure 4 -Simultaneous effects model for the associations of total physical activity and exercise with mental distress. Bold lines represent significant paths. All path coefficients were standardized. For clarity, cross-sectional correlations among physical activity and exercise variables at wave 1 and wave 2 are not depicted. Paths from gender and age to physical activity and exercise variables were included because of significant Pearson correlation coefficients for these variables. Gender was treated as a dummy variable (men = 0 and women = 1). Educational background was excluded because it was not significantly correlated with physical activity, exercise, and mental distress. CFI indicates comparative fit index; GFI, goodness-of-fit index; LPA, light physical activity; MVPA, moderate to vigorous physical activity; RMSEA, root mean square error of approximation. *P < .05. **P < .01. ***P < .001. GFI = .941, CFI = .983, RMSEA = .051.
